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ABSTRACT

Forty four lactating Holstein cows grouped by age,

milk production and stage of lactation were subjected to a
misting or fan and spray cooling system under heat stress
conditions.

Milk yields, grain feed intake, rectal

temperatures, and respiratory frequency were measured.

Milk yield and concentrate feed intake did not differ
among cooling systems.

Mean daily milk yield was 28.2 kg

per cow for both treatment and control groups through the

whole experimental period.

Feed intake was slightly

higher for cows in the treatment group (10.9 vs 10.7 kg

/day) but the difference was not significant.

Mean rectal

temperature recorded in the morning did not differ among

treatments (39.2° C for both treatment and control).

Mean

afternoon rectal temperatures were significantly higher in

the treatment group (39.4 vs 39.2° C).

Mean respiratory

frequency in the morning was higher for the control group
(67.3 vs 64.9 breaths /min.) but the difference was not

significant.

Afternoon respiratory frequency was

significantly higher for the treatment group (76.9 vs 68.6

breaths /min.).

There was no significant difference

between mean daily milk yield (28.8 vs 27.6 kg for east
and west sides respectively).

Location effect, however,

influenced significantly concentrate feed intake, and
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rectal temperatures and respiratory frequency.

Mean daily

feed intake was significantly higher for cows in the west

side (11.5 vs 10.1 kg).

Animals in the west side had

significantly higher morning measurements for rectal

temperatures (39.2 vs 39.1° C) and respiratory frequency
(68.8 vs 63.3 breaths /min.).

Afternoon measurements for

rectal temperature (39.6 vs 39.2° C) and respiratory
frequency (78.6 vs 66.8 breaths /min.) were also
significantly higher for cows in the west side.

This

effect was due probably to differences on solar radiation
incidence between the two sides especially in the first

phase of the study when environmental temperatures were

higher (25.2° C average temperature).

Mild ambient

temperatures during the second experimental phase (18.1° C
average temperature) produced smaller differences in the
effect between locations.

The effects of cooling system

and location interaction were more accentuated during the
first phase of the study when ambient temperatures were

higher.

Failure to properly adjust the water spray

mechanism and large differences in climatic conditions
between the two experimental phases may have prevented us
from observing the maximum benefits of the fan and spray
treatment described in previous studies.

Alternatively,

the mist cooling system may have been effective and
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therefore, differences in milk production between the two
groups were not detected.

CHAPTER I

INTRODUCTION

High milk yielding Holstein cows under summer
environmental conditions are susceptible to the negative
effects of heat stress.

Both milk production and

reproductive efficiency are significantly affected.

Above

temperatures of 25 degrees Celsius, dairy cows have
difficulty in dissipating body heat.

Under these

conditions there is a rise in body temperature and an

increase in respiratory frequency.

Initially

physiological mechanisms which promote heat loss are
activated or accelerated.

If these processes are not

effective, other methods are activated and there is a

tendency to lower heat production. Decreased heat
production is accomplished by a lowered basal metabolic
rate and reduced feed intake.

Decreased feed intake is

directly caused by inhibition of hunger sensation at the
hypothalamus and indirectly by lowered rumen turnover rate

and reduced gastrointestinal motility.

Since milk

production is related to heat production and feed intake,
high environmental temperatures cause a reduction in milk
yields.

Various management systems for relieving summer heat
stress in cows have been developed with varying degrees of
success.

To maximize results, cooling systems must

combine the use of shade, water spray, and air movement.
The system is installed under a shade structure.

Water

sprayed on the animal must penetrate the hair coat to
reach the skin where heat transfer is more effective.

This wetting cycle is followed by a cycle of forced

ventilation long enough to promote water evaporation from
the skin.

The combination of these elements produces

effective cooling; milk yields increase; and reproductive
efficiency is improved.

One of the most effective

strategies to improve thermal comfort and increase feed
intake is to provide a cooling treatment close to feed
bunks so that cows are encouraged to feed.

Since Tennessee is located in the upper mid-south
section of the United States, severe reduction of milk
production occurs only in the summer (July, August and

September).

However, during this period the potential

losses due to heat stress are estimated to be as much as

7.5 kg per cow (25% loss in daily yield for a 30 kg /day
cow). In general, management systems designed to partially
alleviate this loss consist of shade with mist sprinklers

which are activated at temperatures above an arbitrary

threshold.

A more efficient and economically feasible

system for alleviating heat stress in high producing cows
during summer is needed.

Combinations of forced air and

intermittent misting have been effective in other areas
with greater heat stress conditions.
The objective of this study was to compare the
current cooling system (continuous sprinkling system
manually activated at temperatures above a threshold,

typical of Tennessee dairy operations) with a cooling
system consisting of shade with intermittent spray
followed by periods of forced air.

Their effects on milk

yield, grain intake, rectal temperature, and respiratory
frequency of lactating dairy cows and their economic
impact on the production system were evaluated.

CHAPTER II

LITERATURE REVIEW

INTRODUCTION

Many factors influence animal comfort and productive
efficiency.

These factors may be classified as

physiological processes in the animal, environmental

conditions, and modifications imposed on existing
environmental conditions in an attempt to facilitate
greater animal comfort and productivity.

These factors

will be categorized in this manner in the subsequent
review.

In addition to those topics, some of the effects

of heat stress on dairy cattle performance will be
discussed.

PHYSIOLOGICAL FACTORS

Living organisms produce heat as the result of

biochemical reactions from metabolic processes where
chemical energy of food is released.

The amount of heat

produced is a measure of energy transformation which takes
place during a specific unit of time (Yousef, 1985c;
Bianca, 1968).

Rates of biochemical reactions are

influenced greatly by temperature.

Various reactions are

affected differently by a rise in temperature, but
reactions may be accelerated to two or three times their

normal rate by a 10° C increase in body temperature
(Andersson, 1977).

Therefore, a relatively constant body

temperature is necessary if biological processes are to be

maintained at rates compatible with life (Curtis, 1983).
Homeotherms can be defined as animals that in normal

circumstances maintain a constant deep body temperature
within a relatively narrow range (Mount, 1979).

These

animals can perform their normal functions over a wide
range of thermal environments because of their capacity to
regulate body temperature.

In homeotherms, body

temperature varies according to age, sex, season, time of

day, environmental temperature, exercise, ingestion,
digestion, and water intake.

Temperature varies among

different parts of the body.

These temperature

differences establish a temperature gradient essential to
the transfer of heat from the body core towards peripheric

tissues (Andersson, 1977).
An animal's total body heat load results from heat
produced by metabolism, and heat exchanged with the

environment.

Metabolic heat is generated by basal body

functions, maintenance, muscular activity, and performance
(production of milk, meat or other products) (McDowell,

1972).

Generally heat production varies according to

environmental heat demand. "Environmental heat demand

equals the rate of heat flow from an animal to a
particular environment" (NRC, 1981).

At high

environmental temperatures environmental heat demand is
low and, therefore," the animal will tend to lower its own
metabolic heat production to accommodate the extra heat

load" (Collier and Beede, 1985).

"Over a limited range of

environmental temperature, the thermoneutral zone, heat

production is minimal and independent of environmental
temperature" (Thompson, 1973).

Mechanisms of heat

production involve both the nervous and endocrine systems.
Heat production is regulated directly through
modifications in the animal's appetite and digestive

processes.

In contrast, changes in activity of

respiratory enzymes and protein synthesis affect
indirectly heat production (Yousef, 1985c).

Heat

production is influenced by several factors such as animal
size, species and breed, environmental conditions, and
feed and water intake.

In resting adult mammals,

metabolic heat production is estimated as heat production

per unit of body weight(kg) elevated to the power 0.75.
This measure is referred to as "metabolic body size" or

"physiological weight".

An increase of 100% in body

weight is accompanied by a 75% increase in metabolic rate
(Yousef, 1985c; Thompson, 1973).

Heat will be exchanged between the animal and the
environment by means of radiation, convection, conduction,
evaporation and metabolism (Gates, 1968).

Heat that is

exchanged by means of radiation, conduction, and
convection will flow from a warm environment towards a

cool environment, according to a temperature gradient.

On

the other hand, heat exchange by evaporation will occur
along a vapor-pressure gradient (Curtis, 1983).

Heat loss

by evaporation depends on relative humidity of air.

In

hot environments evaporative heat loss will be
particularly important to achieve heat balance since heat
loss along the temperature gradient is greatly impaired
(McDowell, 1972; NRC, 1981).

Relative humidity of the air

has a greater thermal impact on species such as cattle,
which depend on sweating as a cooling mechanism to a
greater extent than

they do on panting. (NRC, 1981)

Heat balance is achieved as a result of integration
of mechanisms of heat production and heat loss.

The

hypothalamus is believed to be the part of the central
nervous system responsible for mediating thermoregulation.
Environmental temperature ultimately will determine if

mechanisms of heat loss or heat production must increase

or decrease their activity to maintain a constant body
temperature (Mount, 1979).

Yousef in "Stress Physiology in Livestock" defines
stress as "all forces of the environment that can induce

changes and/or adjustments occurring from subcellular

level to the whole animal to help it avoid physiological
malfunctioning and to better fit its environment" (Yousef,
1985a). Animal species have an ambient thermal range at

which their physiological processes take place at
maintenance energy costs and minimum strain to the body.
The term stress as it is used by physiologists, defines a

magnitude of forces exterior to the organism that exert an
influence on it sufficient to cause disruption on the
basal state of the animal's physiological systems
(McDowell, 1972).

Strain on the other hand denotes a

measure of the amount of disruption inflicted on the
animal's basal metabolic state (McDowell, 1972).
Using these concepts, heat stress could be defined as

a high effective ambient temperature that provokes an

altered physiological state in the animal.

This

physiological state results as the interaction of
environmental factors produces an environment that is
above the

range where the animal performs at a minimum

constant metabolic rate.

In response to this environment.

the animal will experience a marked acceleration of
mechanisms of evaporative heat loss.

At this point the

animal starts to experience the initial effects of heat
stress (Mount, 1979).

Beyond this point there is a

gradual decrease in metabolic rate as the animal lowers
feed intake and reduces activity.(NRC, 1981; McDowell,

1972).

The animal will eventually reach a point where

metabolic rate will be minimum.

As temperature increases,

heat production will be compensated by evaporative loss
until a point is reached where the animal's heat

production exceeds its evaporative heat loss capacity.
Beyond the limit of evaporative heat loss capacity a sharp
rise in body temperature occurs.

For most species, when

body temperature excceeds 42 to 43° C, damage to the
central nervous system will occur and death will ensue
(Yousef, 1985d; Bligh, 1985).

ENVIRONMENTAL FACTORS

The effect of environment on an animal's health is

determined by the combination and interaction between
environmental and animal factors.

Environmental factors

that have a critical influence on the animal include air

temperature, relative humidity, air movement, and thermal

radiation (Collier et al., 1982a).

The collective impact
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of these climatic elements on environment is often

estimated as an effective ambient temperature (EAT), which
generally describes the environmental heat demand (NRC,
1981).

Among climatic elements, ambient temperature is

probably the factor which exerts greatest influence on the
animal's heat balance (NRC, 1981; McDowell, 1972).
Temperature is a measure of intensity of heat and normally
an animal will give up heat to its environment since heat
will always flow from a warm environment towards a cool
one.

This movement of heat is called temperature or

thermal gradient (Yousef, 1985b; McDowell, 1972; Curtis,
1983).

Most of the time, an animal will lose heat from

its warm skin to the surrounding cool air, but as
environmental temperature rises, the thermal gradient will
diminish and heat loss will decline (McDowell, 1972).

Relative humidity will greatly influence an animal's heat
balance.

Relative humidity is particularly critical in

hot climates where mechanisms of evaporative heat loss are

crucial to maintain homeothermy (NRC, 1981). Thermal
radiation can result from two major sources.

The most

important is solar radiation and the other is terrestrial
radiation.

"The net impact of thermal radiation on an

animal depends on the difference between the combined
solar and terrestrial radiation received and the radiation
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emitted by the animal" (NRC, 1981).

Air movement

facilitates heat loss by evaporation as the animal sweats.

The effect of air movement on dry skin is very limited,
furthermore when ambient temperature is above that of the
skin, an increase of heat flow from the environment

towards the animal occurs (McDowell, 1972; NRC, 1981).
Precipitation often increases heat loss in cattle due to

evaporation.

The cooling effect varies and is dependent

upon the depth to which water penetrates the hair coat
(McDowell, 1972).

Water can also exert a cooling effect

by displacing still air which is trapped in the hair coat

and by breaking the insulating effect (NRC, 1981).
Shelter is an important factor in providing the

animal with, relief from harsh climatic conditions,
suitable conditions for the rearing of offspring, and
protection against antagonistic species.

Livestock

housing facilities often attempt to reproduce and improve
conditions found in their natural habitat in order to

reduce environmental stress. (Price and King, 1968).

A

satisfactory environment for farm livestock allows optimal
performance and provides thermal comfort, physical
comfort, disease control, and behavioural satisfaction
(Webster, 1983).
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EFFECTS OF HEAT STRESS ON DAIRY CATTLE PERFORMANCE

Performance of dairy cows depends upon the cow's
ability to convert energy (TON) into milk production.
Other forms of performance, such as reproduction and
growth, are desirable in order to maximize herd
production.

A portion of energy consumed by cows is

utilized for performance but the major portion of it is
used for basal metabolism.

During heat stress,

physiological adjustments must occur in the animal in
order to reduce heat production and increase heat loss.

Under heat stress, decreased heat production will be
achieved at the expense of performance.

In order to avoid

excessive heat load, animals often reduce feed intake.

Since high milk production is dependent on feed intake,
milk yield usually will decrease as feed intake decreases
(McDowell, 1972; Mohammed and Johnson, 1985; NRC, 1981).

Low performance levels observed during summer are often
attributed to reduced feed intake due to heat exposure.

These effects have been widely demonstrated under varying
conditions, however, factors predominant under field

conditions such as a decrease in the quality and quantity
of forage available during the summer also affect

production (Richards, 1981).

According to McDowell, the

threshold temperature for reduced feed intake in dairy
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cows is around 25° C. At 30° C the animal exhibits a
marked reduction in feed intake and at 40° C feed intake
ceases, in other words, the higher the level of stress,
the larger the decrease in feed intake.

Threshold

temperatures for different cattle breeds have been

established (Yousef et al., 1968):

Holstein, 24 to 26° C.

Jersey, 26 to 29° C.

Brown swiss, above 29.5° C.

Brahman, 32 to 35° C.

The degree to which feed intake is reduced at high
temperatures varies according to the nutritional level,

size of the animal, age, breed, level of milk production
and type of feed.

High producing dairy cows maintained at

a high nutritional level are affected to a greater degree
than less productive ones.

Similar responses are observed

in larger and older animals.

Feeds higher in fiber

content, such as hay or silage, have a lower threshold

temperature (28° C for hay and 31° C for silage) than
concentrates.

In general concentrates are consumed at

normal rate until temperatures reach a threshold value of

35° C (NRC, 1981; McDowell, 1972; Morrison, 1983; Beede
and Collier, 1986).

Feed efficiency is the capacity of animals to convert

ingested feed into products such as meat or milk and is
expressed as a ratio output to input (NRC, 1981).

The
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hypothesis that high environmental temperatures alter feed
efficiency is widely accepted and has been studied
extensively.

In 1972, McDowell reviewed the literature

and pointed out that heat exposure below 30° C is
associated with depressed feed intake and feed efficiency
accompanied by lower heat production.

At temperatures

above 30° C, there is a gradual increase in heat
production due to the acceleration of mechanisms of heat
loss.

Under these environmental conditions feed intake is

decreased and maintenance needs are increased.

results in decreased feed efficiency.

This

McDowell et al.

(1976) and Moody et al.(1967), reported a decrease in feed

efficiency of dairy cows exposed to heat (NRC, 1981).
Data from lactating Holstein cattle suggested that at

21° C feed efficiency (energy output to energy intake) for
the production of milk is about 60%, but after cows are

exposed to 32° C for one week the ratio is 40% and further
reduced to 31% after two weeks exposure.

In this study

average consumption of digestible energy declined 16% at

32° C.

This was compared to a decrease in milk energy of

22%. This suggests that energy was diverted to other

purposes than milk production (McDowell, 1972).

Reports

by Johnson (1965), were inconsistent with previous studies

involving growing animals.

It was suggested that heat
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exposure in dairy cows promoted higher feed efficiency.
This apparent improvement in feed efficiency may be
explained by mobilization of adipose tissue to produce

milk thus creating a false impression of higher efficiency
(NRC, 1981).

Changes in feed efficiency during summer

must be considered as a long term effect.

Periods of

depressed feed efficiency caused by heat stress are often

followed by compensatory periods when efficiency is higher
than normal (NRC, 1981).

Based on the majority of studies reviewed, it seems
that heat stress reduces feed efficiency for livestock
production.

This reduction is a result of decreased feed

intake and increased maintenance energy requirements
(McDowell, 1972).

Negative effects of heat stress on dairy production
have been widely described as reductions in milk yield,
milk fat, feed intake and increases in water intake and

rectal temperature observed in lactating dairy cows during
the summer months (McDowell, 1972; Thatcher and Collier,

1982).

McDowell (1972), defines the best temperature for

lactating cows as the range between 10 and 18° C with 24°
C being the temperature where there is a measurable

decline in milk production. Johnson (1985), describes the
thermoneutral zone for milk production for Holstein cows
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as the range between -5 and 21° C but suggested that other
breeds are more heat tolerant and have different

thermoneutral zones.

For example, Jersey and Brown Swiss

with an upper critical temperature for milk production

around 24° C and Zebu breeds with lower milk yields at
around 29° C.

Dairy cows are particularly sensitive to
environmental heat due to heat production involved in milk

synthesis and greater heat generation during rumen

fermentation.

In general, the upper critical temperature

where milk production is significantly depressed will vary
according to factors such as animal size, stage of

lactation, and genetic potential for milk yield (McDowell,
1972).

Intensity of physiological responses of cattle to

heat stress will depend greatly on animal characteristics,
nutritional factors, and management practices, and it will
also vary according to the degree and duration of heat
exposure.

It seems that continuous and lengthy exposure

of dairy cows to high temperatures will be more
detrimental to milk production than heat stress

characterized by hot days followed by cool days or hot
days followed by cool nights which permits the animal to
lose stored heat (Richards, 1981; Araki et al., 1984;
Nwakalor et al., 1988).
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A report on a study conducted with lactating Holstein
cows suggests that the effects of heat stress, decreasing

milk yield, and feed intake are more pronounced during
midlactation (100 to 180 days post-partum) and least
pronounced during early lactation (0 to 100 days).

During

late lactation (180 to 260 days) intermediate levels of

reduced milk yield and feed intake were reported.

Higher

body fat catabolism was observed during early lactation
than during other periods (Thatcher and Collier, 1982).

Under condition of good management and good nutrition,
losses in milk production due to environmental heat in

tropical conditions are between 10 to 20% of a 305 day
lactation, milk yield.
to 50%.

However, losses may range from 3

Losses in milk yield are not temporary, instead

they remain while heat persists and increase continuously.
Maximum depression in milk yield and increase in rectal
temperature occurs after 2 weeks of heat exposure.

After

3 to 5 weeks there is a small recovery in milk yield
followed by stabilization of milk production at lower
levels.

In cows gradually exposed to increasing

environmental heat, a delay in onset of depressed
production of about one month often occurs.

This fact

suggests a period of adaptation when the animal's
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physiological mechanisms are altered to lower metabolic
rate through decreased thyroid function (Richards, 1981).

In conclusion, a major question concerning losses in
milk production during the summer is to what extent
reduced feed intake is responsible for these losses, and
what other factors could be involved.

Research suggests

that in lactating cows there is a wasteful effect in the
energetics of milk production during heat exposure.

This

wasteful effect is a result of increased energy for
maintenance needs caused by an acceleration of mechanisms

of heat loss (McDowell, 1972; Thatcher and Collier, 1982) ,

PHYSICAL MODIFICATION

OF THE ENVIRONMENT

Adverse effects of hot, humid weather on efficiency
of livestock production systems are made evident by low

productivity and poor reproductive rates (Richards, 1981) ,
Dairy operations are particularly affected by this
problem. Cold weather has little effect on milk yield of

adequately fed cows.

Conversely, effects of hot weather

can be devastating on milk yield, conception rates, and
even survival of dairy cows.

These adverse effects were

demonstrated in the Chino valley, California incident in
1977 when a 3 day heat wave killed 700 dairy cows and
produced heavy milk losses (Hahn, 1981).
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Modification of the micro-environment basically
involves three elements, the animal, its surroundings, and
the climatic environment.

These factors interact among

themselves through the four methods of heat transfer, ie:

conduction, convection, radiation, and evaporation
(Richards, 1981).

Based on information about those three

basic elements, specific approaches can be adopted to
solve problems associated with heat stress and increase

performance.

However, before any investment is made some

problems, such as factors that are limiting animal
performance, must be defined.

Indeed factors such as

genetic potential, nutrition, and disease control must be

evaluated and the real potential for performance
improvement has to be assessed.

In addition

implementation of technology must be economically feasible
(Hahn, 1981).

Two strategies are generally adopted to avoid heat
stress in livestock.

One deals with reducing heat gain

from the environment and the other attempts to maximize
heat loss to the environment (Richards, 1981).

In

addition, minimizing heat production in the lactating
animal is an important factor.

It can be achieved through

management stategies such as providing feed and water as

well as milking parlor installations at close range so
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that excess energy is not wasted through walking (Beede et
al., 1987).

Indirect or direct solar radiation is the primary
source of heat gain from the environment.

It could

represent more than one half of a lactating cow's normal

heat production; therefore, methods for blocking radiation
are essential in a hot environment (Richards, 1981).

Heat

gain by conduction and convection can occur when air

temperature is higher than skin temperature.

Also, heat

gain by conduction can occur if the animal is lying
against a surface hotter than its skin.

If animals are

huddling together, the potential for convective heat loss

is reduced. Effects of a combination of both high
radiation and high temperatures, if not reduced, will

result in great losses (Beede et al., 1987; Richards,
1981).

While environmental temperatures remain below body
temperature, heat transfer from the body through

conduction, convection, and radiation will occur down the

temperature gradient.

The greater the temperature

gradient the more effective will be the transfer.

This

process is known as nonevaporative cooling (Beede et al.,
1987).

When environmental temperatures increase, body

heat loss is gradually impaired so that at 29.4 Celsius
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evaporative heat losses represent 78% of total heat

dissipation.

Under these conditions heat transfer depends

primarily on a vapor-pressure gradient and is facilitated
by air movement. Therefore installations for dairy cattle
should allow enough air flow to maximize evaporative heat
loss (Beede et al., 1987; Richards, 1981; Herman and
Wolfenson, 1988).

The integrated environmental management system (lEMS)
concept was described by Beede et al. (1987), and it
involves an integrated approach to the effects of high
effective ambient temperature in high producing dairy
cattle.

The concept is directed towards two primary

goals. The first is to provide protection from solar
radiation with a shade structure.

Secondly, viable

strategies for evaporative heat loss must be maximized.
Underlying these two goals resides the ultimate objective
to maintain cows under minimum thermal stress for maximum

production and health (Beede et al., 1987).

General

guidelines can be determined for housing and management
strategies composing a successful JEMS.

However,

modifications of management and housing should be decided

in agreement with the rationale of production, economics,
and energy utilization (Hahn, 1981).
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The ultimate purpose of the lEMS approach is to
assemble the most viable and economically-sound

combination of components of lEMS to suit a specific
operation (Beede et al., 1987).
Several methods have been suggested as potential

physical modifications of a hot and humid environment. The
more successful procedures include: (a) Shade (natural,
permanent, portable, feed and water under shade). (b)
Ventilation (natural, forced). (c) Evaporative cooling for
animals (holding area, under shade structure or well

ventilated barn, shower and fanning station, sprayers in
the parlor exit lanes, feed bunk and sprinkler and fan

system, feed bunk and sprinkler with or without shade).
(d) Cooling ponds, (e) Evaporative cooling for the
microenvironment (inspired air or zone cooling,

evaporative cooling pads and fans, mechanical evaporative
coolers on shade structures). (f) Mechanical refrigeration
or air conditioned.

Shade

Shade is probably the most important environmental
modification and the most easily implemented under hot
climatic conditions.

Tree shade can be considered the

most efficient means of blocking solar radiation.

When
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given a choice, a cow will seek natural shade instead of
artificial shade structures.

However, the option for

shade trees may present some problems in dairy operations.
Overcrowding of animals under trees can produce mudholes
and often causes the tree to die.

Providing animals

enough feed and water under shade can be another problem.

The total area necessary to provide enough shade for a
large number of cows and at the same time avoid
overcrowding would require probably more land than is

generally available in most cases.

In general, natural

shade does not seem to be an alternative compatible with

the type of intensive system adopted by most dairy
operations (Beede et al., 1987).
For most dairy operations, artificial shade seems to

be the most viable alternative but some strategies must be
adopted to maximize benefit.

Orientation of shade

structures is vital in order to allow minimum solar

radiation at all times of day.

An east-west orientation

is preferable with a concrete floor to avoid mudholes.

If

a concrete floor is not affordable, the orientation should

be north-south so that during the day sunlight reaches
most of the area under the roof, this alternative avoids
mudholes. Another recommendation for earthen floors is a

well-drained location (Beede et al., 1987).

Another
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effective strategy is to utilize white paint on the upper
face of metal roofs because it better reflects sunlight.
Bray et al.(1991), compared different roof colors on calf
hutches and found that thermoshield white paint produced a
better environment than galvanized or thermoshield tan.
The importance of shade structures during hot
weather, especially if there is high solar radiation, has

been described in several experiments.

Collier et

al.(1982b) studied the effects of shade versus no shade on

pregnant Holstein cows during the summer.

Cows assigned

to the shade treatment produced heavier calves (39.7 vs

36.6 kg) and had greater milk yield (2672 vs 2556 kg)
during the subsequent 100 day lactation study than the

non-shaded cows. Rectal temperatures (39.2 vs 40.0 C°),
and respiration rates (63.3 vs 87.4 breaths /minute) were
also lower for the shaded group.

Roman-Ponce et al.(1976)

studied the effects of shade vesus non-shade on lactating
cows during the summers of 1974 and 1975, and the results

were similar.

Shaded cows had 10.7% higher milk yields

(16.6 vs 15.0 kg /day ) than non-shaded cows.

Rectal

temperatures (38.9 vs 39.4° C) and respiration rates (54
vs 82 breaths /min ) were also lower for the shaded group.
Conception rates based on total services (44.4 vs 25.3%)
improved with shade.

Collier et al. (1981) found similar
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results in Florida between shade and non-shade cows during

summer for rectal temperature (38.7 vs 39.6° C shade and
non-shade, respectively), respiration rates (78.5 vs 114.8
breaths /min, respectively), milk yield corrected for
stage of lactation (15.12 vs 12.67 kg /day ).

Mallonee et al.(1985) observed an increase of 1.7° C
in rectal temperatures, 50% higher respiration rates, and
18.5% lower milk yields in non-shaded cows compared to

shaded cows.

This effect was largely due to lower feed

intake of non-shaded cows.

They consumed 56% less feed

during the day and 19% more during the night than shaded
cows. Nevertheless, total daily feed intake was 13% less
for non-shaded cows.

These results represent a synthesis

of most of the work done on shade structures as a method

to modify the environment and the data clearly
demonstrates the benefits of shade for dairy cows under
high environmental temperatures.
Portable shades are an alternative to fixed

structures and have been utilized by dairymen with some
success.

The upper part of the structure is made of cloth

fabric that can provide 30 to 90% protection against solar
radiation. Although this method does not constitute the

most efficient protection from sunlight; it is a cheaper
alternative and is better than no shade in hot humid
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regions.

If portable shades are opted, special attention

must be dedicated to installation and maintenance of the

structure in order to maximize expected life (Beede et
al., 1987).

Providing feed and water under shade is a rather
obvious option for dairymen in stress situations during
summer months.

This alternative produces a comfortable

environment and provides a feedbunk and a close water
source such that animals do not have to walk under the sun

to seek feed and water (Bucklin et al., 1991).

Ventilation
Natural ventilation is a factor that has to be

considered in livestock installations.

Therefore in

regions with hot and humid summers, structures need to be
open-sided to maximize prevailing wind benefits (Bucklin
et al., 1991).

Another way to utilize natural air

movement is to take advantage of the stack or chimney

effect.

Shade structures built with steep roofs and large

ridge vents permit air movement that will cool the roof
(Bucklin et al., 1991).
Forced ventilation is another alternative used by
dairymen in their operations during the summer.

It is

used most effectively in combination with water spray.
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However, some benefit can be obtained from solely
mechanical ventilation provided air temperature remains

below 27° C. Above that temperature air movement will not
exert a cooling effect on cows (Bucklin et al., 1991).
Herman et al. (1985) studied the effects of forced
ventilation on upper critical temperatures for highyielding Holstein cows during two successive summers.
Cows were placed in an open shelter and in one side the
treatment group of cows had access to forced ventilation

along the stanchions.

Within the 10 to 24° C range,

neither ambient temperature nor forced ventilation

affected rectal temperature.

However within that range,

rectal temperature of higher-yielding cows (above 24 kg

/day ) from both groups rose by .02° C for every extra kg
of fat corrected milk (FCM).

In the 26 to 36° C ambient

temperature range, rectal temperatures for both groups
increased but the rate of increase in control cows was

twice that of those exposed to forced ventilation.

Within

this ambient temperature range, rectal temperature

increased .02° C for each kg of FCM /day increase (the
same as in the 10 to 24° C range).

This time, however,

lower producing cows (less than 24 kg of FCM /day) also
experienced the temperature increase.

However in this

case the effect of increased daily milk yield on rectal
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temperature was only observed in the group with forced
ventilation.

Forced ventilation reduced mean respiratory

frequency in the 21 to 31° C ambient temperature range (59
vs 73 breaths /min for the control group).

Body weight

and parity did not affect rectal temperature nor
respiratory frequency.

Results of this study indicated

that 25 to 26° C is the upper critical temperature for
Holstein cows independent of milk yield or
acclimatization.

Forced ventilation was found to

effectively reduce the rise of body temperature until
ambient temperatures approached body temperature.
Folman et al.(1979) studied the effects of forced
ventilation during the summer on milk yield and fertility
of high-yielding Holstein cows.

These data were collected

from the experiment described earlier.

There were no

significant differences in productive or reproductive
performance of primiparous cows among cooled and control
groups. Multiparous cows, however, showed superior milk

yield (5% higher for 305 day lactation) in the forced
ventilation group versus the control group.

Multiparous

cows of the forced ventilation group had higher conception
rates (52%) compared to control cows (22%).

This study

indicated that milk yield of Holstein cows was affected

moderately by environmental heat.

It was suggested that
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this effect was moderate because concentrates comprised 65
to 75% of the ration's dry matter.

Another suggested

reason was the high turnover rate (2.8 lactations) of
these animals.

It was concluded that the increase in

conception rate observed in the forced ventilation group
in this study was due to a lower rectal temperature in the
cooled cows.

In conclusion it can be said that forced ventilation

is an effective method of cooling but if utilized

separately it is efficient only at ambient temperatures up
to the animal's body temperature.

Therefore it should be

used in combination with other methods to maximize

benefits (Bucklin et al., 1991).

Evaporative Cooling

Direct evaporative cooling systems utilized in dairy
operations in hot humid climates generally incorporate the
combination of shade, fan, and sprinkler in a single

structure with the objective of maximizing the cooling
effect to dairy cows to increase their feed intake and
milk yield during summer months (Bucklin et al., 1991).
These systems basically increase the cow's capacity to
lose heat through evaporative processes by wetting the
cow's skin with water sprinklers followed by forced
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ventilation until the animal is dried off.

Some

principles are very important and must be followed for the
system to be efficient:
a)

The animal's skin must be effectively wet.

b)

Air movement must be sufficient to promote rapid
evaporation specially in humid areas.

c)

Insulation by tiny water droplets on the hair
coat must be avoided.

d)

Evaporative cooling systems installed in barns
and other types of shelter require a concrete
floor to avoid mud-holes (Beede et al., 1987).

Most of the studies discuss a combination of those

alternatives with other different strategies.

The result

is that cooling systems utilized in most studies exhibit

significant differences with respect to effects on heat
stress.

This fact does not leave much basis for

comparison of results from different research.

For this

reason each individual system will be discussed separately

as a distinct alternative of evaporative cooling systems.

The effects of different strategies utilizing

sprinkler and fan cooling system in the holding area were
examined by Flamenbaum et al.(1986).

Factors such as

wetting period, cooling period, and animal density in the
holding area were compared.

In one experiment, the effect
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of the duration of wetting during the cooling cycle was
examined.

Wetting the hair coat was followed by forced

ventilation such as to complete a cycle of five minutes.
This cycle was repeated six times in order to achieve 30
minutes of treatment. Results showed that wetting the hair
coat for 20 seconds was more effective in reducing body
temperature than wetting for 10 seconds, and wetting for
30 seconds did not further decrease body temperature.

It

was suggested that 20 seconds was enough to effectively

wet the animal and that extending the wetting period did
not produce additional benefit.

In another experiment,

the duration of treatments were examined and cooling the
animal for 15, 30, and 45 minutes (cycles of 30 sec

wetting + 4.5 min. ventilation) achieved respectively .60,
.70, and 1.0 C decrease in rectal temperature 30 minutes
after the end of cooling.

Animal density in the holding

area was studied to assess how it affected cooling
efficiency.

Treatment had a duration of 30 minutes and

p

p

3.47m^/cow was compared to 1.86m'^/cow.

Full cow density

p

in the holding area (1.86m /cow) reduced the decrease in

rectal temperature to about half that of lower density
p

(3.47m /cow).

,

,

.

Effectiveness of holding area cooling on

body temperatures was studied.

Treatment consisted of 30

minutes cooling, five times during the day from 6 am to 8
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piti.

This treatment was effective and temperatures were

kept within 38.2 and 38.9° C during the day.

Control cows

had rectal temperatures between 38.8 and 39.6° C.
Therefore, results indicated that cooling in the holding
area is effective and practical since cows are gathered
for milking 2 or 3 times a day.

Therefore from a

management standpoint it could be a good alternative to
bring the cows to the holding pen a few more times daily
for cooling.

In a separate ten-day trial a research group

used the same cooling system and daily milk yield was
increased from 33.1 to 35.5 kg /day, this was a 7.1%
increase (Bucklin et al., 1991).

The importance of forced

ventilation as a complement to water sprinklers was

emphasized in this study.

They emphasized the importance

of keeping ambient humidity low especially when animal
density is high.
Araki et al.(1985) examined the cooling effect of a
system that consisted of a pre-milking fan and mist
treatment in the holding area followed by milking parlor
forced ventilation and later a fan and water sprinkling

system in a post-milking area.

The whole procedure lasted

140 minutes and it was performed twice a day (1:30 am and

1:30 pm) during normal milking procedures.

The cooling

treatment significantly lowered vaginal temperatures which
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lasted for four hours following the morning cooling.

Following the afternoon cooling, vaginal temperatures
remained lower for twice as long as the duration of

cooling (280 min) compared to control cows.

Although

during later part of both am and pm treatments, cows

experienced a transient increase in vaginal temperature.
Overall vaginal temperature means in treatment and control

cows were 38.67 vs 38.83° C respectively.

After both

morning and afternoon treatments, lowest vaginal
temperatures occurred 45 to 60 minutes beyond the
treatment.

This effect was more pronounced following the

afternoon treatment.

Lowest vaginal temperature recorded

45 to 60 minutes after treatment seems to indicate a

prolonged reaction to cooling. Results in this study were
more moderate than in other similar studies.

The reason

was probably the milder environmental conditions observed
during this study compared to other studies.

Average

black-globe temperature was 26.8° C for the whole study
and 23.9 and 31.0° C at morning and afternoon milking,
respectively.
During the summer of 1983 in Arizona, Armstrong and

Wiersma (1986) studied the effectiveness of holding-pen
cooling on lactating cows.

During most of the day the

cooled cows had rectal temperatures close to or slightly
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above 39° C and, during the night, their temperature
dropped.

During the early morning hours rectal

temperatures had dropped to near normal.

Control cows

however, had rectal temperatures within the 39 to 40° C
range for most of the day, and throughout the night, they
remained well above normal.

Daily milk yield was 0.79 kg

greater for cooled cows during the May to September
period.

Although this difference was not large, the extra

revenue from the investment represented a substantial

profit.

Beede et al.(1987) observed that holding-area

cooling was effective in substantially reducing rectal
temperatures of heat stressed cows.

The holding-pen

cooling treatment averaged 16.5 minutes in duration and
the cooling effect was more pronounced for the afternoon
milking.
Strickland et al.(1989) studied effects of

evaporative cooling system on milk yield and feed intake
of lactating dairy cows.

Cooling treatment was available

in a freestall barn and in the holding area.

Results

suggested that cooling in freestalls increased both feed
intake (7.1%) and milk yield (11.6%) compared to that of
control (uncooled) cows.

Cows treated in the holding area

had a small increase in feed intake (1.6%) but did not
present an improvement in milk yield when compared to
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control cows.

These results where not surprising since

the cows were in freestalls most of the time.

In this

study herd size (48 cows) was small and it is possible
that in large dairy herds, cows would be confined in the
holding area for longer periods of time; therefore, the
need for a cooling system and its benefits could be
increased.

Igono et al.(1987) examined benefits of shade, spray,
and fan versus shade for dairy cows during summer.
Treatment was applied both in the freestall areas and at
the feedbunk.

Rectal temperatures of shaded cows during

the day were 0.3 to 1.2° C higher than that of cows with
shade, spray, and fan.

From 12 am to 12 pm shaded cows

had temperatures above 39° C whereas cooled cows had
rectal temperatures below 39° C during the entire 24
hours.

Cows cooled with spray and fan produced 8.6% more

milk than shaded cows (25.3 vs 23.3 kg /day, respectively)
and feed intake was also increased by 7% (35.1 vs 32.8

kg/day of silage+grain mix on as fed basis).

Her et al. (1988) examined benefits of evaporative
cooling on production and reproductive efficiency.

A

sprinkler and fan system was installed in a shaded manger
with stanchions.

A similar system was available in the

holding area and all cows had access to an open shed.
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Cooling treatment consisted of a 30 seconds period of
water sprinkling followed by 4.5 minutes of forced
ventilation during 30 minutes.

This procedure was

repeated nine times throughout the day between 05:00 am

and 09:00 pm.

During six occasions, cooled cows were tied

to stanchions in the manger and cooled for 30 minutes, the
other three remaining coolings were executed in the
holding area before milking times (05:30 am, 12:30pm,
09:30 pm).

Control cows had access to the open shed and

were also cooled in the holding pen before night and

morning milkings.

All cows were estrous-synchronized and

the experiment was scheduled to begin one day before the
expected onset of estrus.
days.

The experiment lasted for 10

Results indicate that cooled cows had body

temperatures of 38.5° C during most of the day except for
the period between 1 and 3 pm when body temperature rose

to 38.8° C and reduced to the previous levels.

The

average was 38.6° C which is comparable to temperatures of
dairy cows during the winter in Israel.

Non-cooled cows

in early morning had body temperatures of about 38.5° C
but later they rose to 39.1° C at 10 am and remained high,

peaking at 3 pm at 39.4° C.

Cooled cows had a 2.6 kg /day

higher milk yield (8%) than non-cooled cows. Cooled cows

(70%) presented more frequent standing estrous behaviour
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than control cows (45%).

However conception rate among

cows that presented estrous behaviour did not improve with
the treatment.

Cooled cows had a 31% conception rate and

control cows 36%. Reproductive efficiency, therefore, was
not improved by treatment and seemed to be explained by
the moderate summer heat that prevailed during the trial.
Another reason for this lack of improvement could be
increased embryo death in cooled cows after the end of the
10 day trial.

Indeed after the experimental period those

cows returned to the normal cooling practices which were
not as efficient as the experimental system.

Therefore

stress associated with the decline in cooling treatment
efficiency could have been responsible for embryo death.
For control cows the inverse was true and therefore it

could probably explain the results obtained.

It was

suggested that cooling treatment for more than 10 days
could improve conception rate.
Turner et al.(1989) studied the effects of a spray

and fan system installed on a shaded feed bunk on

performance of dairy cows.

The system was controlled by

two thermostats that activated separately fan and spray.
Fans were run continuously when ambient temperature was

above 26.7° C and spray was activated for 2.5 minutes of
every seven minutes period.

The set point temperature was
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the same used for fans.

Rectal temperature for cooled and

control cows averaged 38.65 vs 39.23° C, respectively and
respiration rates averaged 75.23 vs 91.22 breaths/min
respectively.

Milk production favoured cooled cows by

15.99% (26.32 vs 22.73 kg /day) and feed intake, on an as
fed basis, increased in cooled cows by 22.3% (17.73 vs

14.5 kg /cow /day) compared to that of control cows.

This

experiment was conducted during an unusually hot summer
and for a short period (23 days).

These factors could

possibly explain some of the large differences observed
both in milk yield and feed intake between cooled and
control cows.

Therefore, under more moderate summer

conditions and over a longer period of time, the benefits

provided by this cooling system probably would not be as
pronounced as in this study.
Wolfenson et al.(1988) studied dry period heat stress
relief and its effects on subsequent lactation of Holstein
cows.

Cooling system consisted of fans and sprinklers

installed in an open shed structure.

access to shade only.

Control cows had

After calving, all cows were

treated alike with forced ventilation under the open shed.

In the holding area cows were sprinkled with water before
going into the milking parlor.

Mean rectal temperatures

were within 38.5 to 38.9° C range in cooled cows as
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opposed to 38.7 to 39.2° C range in non-cooled cows.
Cooling during the dry period increased 150 days lactation
milk yield. Average daily 4% fat corrected milk yield was
recorded for cows in the second, third lactation and

higher.

Cooling effect on milk yield increased with

parity.

The increase in all cooled cows was 9.2% (35.6 vs

32.6 kg 4% FCM /day). Calf birth weight was largely
increased in cooled cows with more than three lactations.

The effect of dry period cooling on subseguent lactation
suggests that summer heat stress can impair milk yield in
later cooler months.

Cooled cows that calved early in the

summer, produced less milk in the first month of lactation
than control cows.

It was suggested that heat adaptation

during the dry period can influence

subsequent lactation.

Therefore, cooling cows during their dry period might
delay adaptation to summer heat.
Shower and fanning stations is a concept developed by
researchers in Israel.

It consists of creating specific

structures where a cooling system with fans and sprinklers
is available.

Animals are taken to these structures

several times a day to be cooled for 30 to 60 minutes.
One important aspect to be observed is the proximity of
the cooling stations to the loafing area (Beede et al.,
1987).
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Sprayers in the parlor exit lanes is another
important strategy utilized in cooling cows.

It is

particularly useful in dairies where cows have to walk

long distances from the freestall area to the milking
parlor.

This strategy maximizes evaporative cooling

because as cows leave the parlor the air movement caused

by the animal's movement produces evaporation of the water
from the skin (Beede et al., 1987).
Field trials have been conducted to examine the cost

effectiveness of a misting system installed above the feed

bunk. Higher milk yields (8%) resulted for misted cows

than non-misted cows.

The cooling system also improved

feed intake from noon to evening (Armstrong and Wiersma,
1986). Misting cooling systems are a satisfactory option
for hot, dry regions.

In the southeastern United States,

mist cooling has been evaluated but dairy producers had

little success.

An insulative effect might occur if tiny

water droplets accumulate on the animal's hair coat.

effect can impair heat loss.

This

In humid regions a misting

system increases the relative humidity and produces little
cooling. (Bucklin et al., 1991).

The sprinkler cooling

system is an alternative to the misting system.

The

difference between the two systems is the size of the
water droplet which is much larger in the sprinkler
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system.

The large droplet allows the water to penetrate

the hair coat and reach the skin of the animal.

This

condition facilitates water evaporation from the animal's
skin (Bucklin et al., 1991).

Cooling Ponds
Recently in Florida, cooling ponds have been used
with some success by dairymen.

During the hottest part of

the day this method appears to rapidly reduce rectal
temperatures and produce thermocomfort in heat stressed
cows.

The two main concerns with this system are a

continuous flow of fresh water to the ponds to avoid
mastitis incidence, and close proximity of the ponds to
the freestall area to facilitate access and encourage

animals to seek cooling (Beede et al., 1987).

Evaporative Cooling of Environment
The common principle behind evaporative cooling

systems for the microenvironment is the modification of
the animal's environment through a method of evaporative

cooling.

This process basically reduces air temperature

by removing heat required to evaporate water.

This

process can be promoted by different methods such as
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passing air over a water surface, atomizing water into the
air stream, or passing air through a wetted pad.

The process of evaporation is greatly determined by
the degree of water saturation of the atmosphere.
Therefore, in arid regions this system should be more

effective than in tropical or sub-tropical regions that

have a higher relative humidity in the air.

However, even

in subtropical regions evaporative cooling can be
effective.

During the hottest part of the day the

relative humidity of the air generally lowers
considerably.

This decrease in humidity creates adequate

conditions for evaporative cooling (Taylor et al., 1986).
The evaporative cooling pads and fans system consists
of cooling the atmosphere surrounding the cow to promote

temperature comfort.

If this system is incorporated into

a conventional type of shade structure some type of
sheeting must be provided on the sides to keep the cooled
air inside.

When this system is installed in adequate structures,

ambient temperature can be reduced by 10 to 12.2° C and
milk production can increase by 6.6 to 13.2 lbs/day.

This

system has been evaluated and thermocomfort of cooled cows
improved in relation to non-cooled cows as measured by

lower rectal temperatures (39.4 vs 39.7° C) and
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respiration rates (78 vs 86 breaths/min.) (Beede et al.,
1987).

Some of the limitations of this system are its

high installation and maintenance costs (Bucklin et al.,
1991).

Occurence of high ammonia levels that have been

cited could constitute a serious problem in an enclosed
structure (Beede et al., 1987).

This system could be

profitable when utilized with high milk producing cows.
(Bucklin et al., 1991).
Mechanical evaporative coolers in shade structures

consist of cooling the microenvironment by combining air
turbulence and high pressure injection of atomized water

into the air stream.

Curtains are utilized in this system

to confine the cooled air to the shade stucture.

A study

conducted in Arizona in 1984 produced the following
results:

Milk yield (from May 26 through September 20) was 9.8%
higher for cooled cows (30.4 kg /day) compared to cows
with access to shade only (27.6 kg /day).

Conception rate

was 25% for cooled cows and 13% for shaded cows (Beede et

al., 1987).

This system represents a costly investment

for a dairy operation hence it should be an alternative
only for high yielding cows.
Fuquay et al.(1979) examined the cooling effects of

sprinkling the roof of a freestall barn.

Roof sprinkling
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reduced ambient temperature under the structure and

resulted in increased milk yield and lowered rectal
temperatures.

It was suggested that this system probably

caused reductions in radiant heat load that were not

reflected in either air or black globe temperature.

Air Conditioning
Air conditioning units can be utilized to improve
thermocomfort of dairy cows.

Thatcher et al.(1974)

examined the efficacy of 24 hours air conditioning in a
completely enclosed freestall barn.

Control cows were

kept 24 hours in a shadeless lot except when removed for
milking.

Cooled cows produced 9.3% more 4% FCM and had

higher conception rates (38.8% vs 28.1%) than control

animals.

Inspired air or zone cooling consists of

providing the animal with a flow of cooled air to the head

and neck region.

Airflow is generally delivered through a

duct system (Bucklin et al., 1991).

Since most of these

systems utilize air conditioning instead of evaporative

cooling it will be discussed here. Fuquay et al.(1979)
reported reduced body temperature and respiration rates

but improved milk yields were not observed in cows treated
with zone cooling.

Roussel and Beatty, (1970) examined

the effects of zone cooling on the performance of dairy
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cows.

Control cows were kept in an open shed. Milk yield

was 19% higher, and rectal temperature and respiration
rates were lower for cooled cows.

Feeding behaviour in

control cows appeared to be depressed during the hotter
parts of the day.

Canton et al.(1982) reported that

inspired air cooling is effective in reducing rectal
temperatures and respiration rates of dairy cows
especially when utilized under a shade structure.

This

type of cooling system can improve production in dairy
operations but it has
costs.

high installation and maintenance

Therefore other systems that are more cost

effective should be considered initially.

Summary

Studies indicate that there is not a single method of
cooling that will alleviate heat stress and provide
maximum benefit. Instead a strategy that incorporates more
than one method is preferable.

Components of an

integrated environmental management system must be
considered on a basis of cost effectiveness and on the

basis of already existing installations on a particular
dairy operation. Components must be incorporated in order
of reduction in environmental impact and a long term
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planning approach must be adopted.

Finally, nutritional

management and genetic factors must not be limiting if an
lEMS is to be adopted.
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CHAPTER III

MATERIALS AND METHODS

EXPERIMENTAL FACILITIES

This study was conducted at the freestall loafing
barn at the University of Tennessee dairy unit at

Knoxville (UTK).

This facility consists of a concrete

paved area with housing and feeding facilities as shown in
figure 1.

Loafing stalls, 2.1 meters deep and 1.2 meters

wide, are arranged along the east and west sides of the
paved area.

The stall area is roofed for protection of

resting animals.

Cows have free access to stalls which

are bedded with shavings.

A covered silage feeding bunk

extends the length of the loafing barn in a north-south
orientation. Automatic silage feeding eguipment installed
in the bunk is used to deliver silage.

The bunk is roofed

to protect cows from harsh environments especially from
rain and sun.

This design allows for maximum air movement

in the facility, and is flexible with respect to
installation of various cooling systems.
The freestall silage bunk is constructed in a way
that facilitates dividing the barn into two experimental
areas.
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DESIGN OF THE EXPERIMENTAL COOLING SYSTEMS

The cooling system installed in the barn prior to
this experiment was typical of those in general use in
Tennessee dairies.

It consisted of a manually operated

water misting system for wetting cows during periods of

high ambient temperatures.

The design of the experimental

cooling systems are shown in figure 2.

This design

facilitated alteration of the cooling system within two
partitioned units in the barn by simply adjusting a series
of valves and attaching fans to power sources that were
controlled

by a relay to regulate the operating interval

of the fans.

EXPERIMENTAL ANIMALS

Forty-four lactating Holstein cows from the
University of Tennessee dairy herd at Knoxville were
divided into two groups of 22 cows each.

Groups were

balanced with respect to age, previous milk production,
pretrial daily milk production, and stage of lactation.

Two groups were randomly assigned to the two cooling

systems.

The freestall loafing area at the University of

Tennessee dairy unit at Knoxville was divided into two
similar areas.

In this experimental facility the cows in

each group had access to one side of the same silage
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trough.

This arrangement eliminated differential feeding

since both groups ate from the same trough.
Cows in both groups were fed corn silage and alfalfa
hay ad libitum, and a concentrate ration (table 1) was fed
according to milk yield.

This concentrate was that

normally fed to the general milking herd at this unit.

TREATMENTS

The experiment was conducted during August and
September 1990.

During this period the average ambient

temperature was 21.7 degrees Celsius.

Climatological data

were obtained from the Tennessee weather service and

ambient temperature, and relative humidity readings were
taken from the Knoxville experiment station.

One treatment (Control) was similar to those used by
commercial dairy operations in Tennessee and consisted of
a water spray over the area near the feed bunk and under

the roof protecting the bunk.

This system provided a

continuous mist of water for cooling the cows and was
activated manually when the environmental temperature
exceeded approximately 25 degrees Celsius.
The other treatment (intermittent mist-cooling)
consisted of a spray system and 36 inch diameter fans,

with .5 horsepower motors, over the area adjacent to the
bunk under the shade structure.

This system was
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Table 1.

Concentrate ration

Composition
Crude protein, minimum

Percent
16.0%

Crude fat, minimum

6.5%

Crude fiber, maximum

6.0%
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controlled by an electrical thermostat coupled to a timer
and cooling began automatically when ambient temperature
reached 25 degrees Celsius.

During each 15 minute cycle,

droplets of water were sprayed over the cows for 1.5

minutes, followed by forced air cooling with fans for 13.5
minutes to promote water evaporation.

EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS

A switch-back design was used in order to identify
and remove location effects between the two sides of the

freestall area.

In this study, due to the design of the

cooling equipment, cooling systems were switched from one
group of cows to the other.

Cows remained in the same

experimental unit during both phases of the study.

This

allowed for more effective adjustment of response
variables for the effect of location in the barn and for

inherent differences between groups of cows since cow
group and barn location were confounded.

The experiment consisted of the following phases:
(1)

All cows were subjected to an adjustment period.
During this period cows were cooled using the
standard Tennessee cooling procedures described in
Treatment 1 (Control).
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(2)

A preliminary period of seven days after the cows
were subjected to their respective treatment was

allowed for adaptation and to provide time for any
effect of the cooling system to be expressed before
measurements were taken.

(3)

The Experimental period during the first phase of the

switch-back study consisted of 14 days during which
cows were subjected to their respective treatments
and experimental data were collected.

(4)

Following the first experimental period, the cooling
system imposed on each group of cows was switched and
another seven day adjustment period followed.

(5)

The second experimental period consisted of 14 days,
during which cows were subjected to the alternate
treatment.

DATA COLLECTED

Milk yields were recorded twice daily at milking
using an automatic weighing apparatus.

Rectal

temperatures and respiratory freguencies were measured

twice daily.

Rectal temperatures were taken with a

thermometer in the loafing area with as little disturbance
to cows as possible.

Respiratory freguencies consisted of

counts made during a specified time frame by a trained
observer twice daily.

One of two daily temperature and
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respiratory observation was made during the hottest part
of the day (4:30 to 6:30 pm) and the other observation was

made during the coolest part of the day (4:30 to 6:30 am).
Daily concentrate intake was automatically recorded on an

individual cow basis using an automatic feeding device.

STATISTICAL ANALYSIS

The effects of the independent variables, cooling
system, location-cow group, and their interactions on the
dependent variables (milk yield, feed intake, rectal

temperature, and respiratory frequency) were evaluated.
Statistical analyses were made using General Linear Model
procedures and type I mean squares were compared.

In

order to remove some sources of environmental variation,

covariates included in the model were average daily
temperature and average daily humidity.

Initially an index describing environmental variation
was calculated using ambient temperature and relative

humudity.

Inclusion of this index did not appear to

produce satisfactory results which can probably be
attributed to the fact that wet-bulb temperature was not
available and other measures of temperature did not
satisfactorally replace wet-bulb temperature.

Therefore,
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in the final analyses the following statistical model was
used.

Y = Trt + Rep + Trt*Rep + Temp + Humid + error.
In this model the term "Rep" included effects
associated with variation due to barn location, variation
among cow groups, and that associated with phase.

The

error term included variation among cows within each
group-phase-location subcell.

Where ;

Y

= Response variable.

Trt

= Cooling system.

Rep

= Location in barn.

Temp

= Average daily temperature.

Humid = Average daily relative humidity.
Error = Cow within Rep*Trt.
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CHAPTER IV

RESULTS AND DISCUSSION

Average daily temperatures during this study ranged
from 11.7 to 25.8 degrees Celsius.

Although the first

phase of the study was conducted during typical summer
climatic conditions (daily minimum and maximum

temperatures ranged from 19.1 to 33.1° C), the second
phase was characterized by mild temperatures (range from

12.0 to 25.6° C daily minimum and maximum temperatures).
The difference in climatic conditions between the two

phases certainly influenced the results obtained.

In this

experiment the variation associated with location was

pronounced especially in the first phase of the study
because of a larger solar radiation incidence in the west

location in the afternoon.

During the second phase,

however, temperatures were milder and solar radiation was
not a critical factor.

EFFECT OF LOCATION IN THE LOAFING BARN

One of the severe problems associated with any study
involving alleviation of environmental stress is the
design of facilities.

In few cases are there two

experimental units that are similar.

In this study the
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effect of orientation of the barn, differential natural

air flow, and configuration of the facilities presented
the normal degree of problems.

The west side of the barn

was exposed to afternoon sun and resulted in slightly
higher morning rectal temperatures (Table 2).

It was

observed that cows on the west location exhibited greater
discomfort during the afternoon than those on the east

location.

Cows in the west location had consistently

higher rectal temperatures in the afternoon (Table 2).
However, during night, the west location seemed to

constitute a cooler environment to cows because of greater
natural air ventilation.

This cooler environment was

probably caused by a greater open area available in the
west location.

Buffington et al.(1985) emphasized the

importance of larger space allotment for cattle in hot and
humid climates.

In spite of this cool breeze, cows on the

west location had slightly higher rectal temperatures than
those on the east side in the morning. This difference in
rectal temperatures suggests that the effects of heat

exposure during the day might be extended through the
following night.

This effect was possibly prolonged

through the night and cows housed on the west side would

have slightly higher rectal temperature in the morning
than those on the east location.

This explanation is
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Table 2. Least-squares means of response variables for the
two locations.

Location

Response variable

East

West

Performance

Milk yield, kg/day
Feed intake, kg/day

28.8

27.6

10.1

11.5

39.1

39.2

39.2

39.6

Rectal temperature, Coa
AM observation
PM observation

Respiratory frequency, breaths/min^
AM observation
PM observation

63.3
66.8

68.8
78.6

^AM observations were taken between 4:30 and 6:30 am and
PM observations were taken between 4:30 and 6:30 pm.
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consistent with results obtained by Araki et al. (1985).
Respiration rates among locations showed a pattern similar
to rectal temperature.

Respiratory frequency was more

accelerated in cows located in the west location and this

difference was more pronounced in the afternoon than in
the morning (Table 2).

This combined effect of exposure

to solar radiation and high environmental temperatures
producing an increase in rectal temperature and
respiratory frequency of cattle has been described in

other studies. Roman-Ponce et al.(1977) described higher
rectal temperatures and higher respiration rates in cows

exposed to solar radiation in the summer, as opposed to
cows with access to shade.

by Collier et al.(1981).

Similar results were described

There were no significant

differences in milk yield between cows in the two

locations (Table 2).

This result suggests that heat

stress was not severe enough during the two experimental
periods to greatly influence milk production.

This was

especially true during the second phase of the experiment
when temperatures were milder (Table 3) (Figures 3 and 4).
Cows on the west location consumed more concentrate feed

than those on the east location (Table 2).

A possible

explanation could be that cows on the west location were
exposed to more heat and possibly tended to consume more

61

Table 3. Mean average maximum, and minimum temperature and
humidity during the study.
Variable

Phase 1

Phase 2

Ambient temperature, C°
Mean

25.2

18.1

Maximum

33.1

25.6

Minimum

19.1

12.0

68.9

70.2

Relative humidity, %
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concentrate feed instead of fibrous feeds, attempting to
decrease heat production from digestive fermentation of
roughages.

Fuquay, (1981) reported that high fiber

content in the diet can reduce feed intake of cattle

exposed to high environmental temperatures.

Heat stress

associated with higher sun exposure in the west location
was observed in this study since the feed bunk had a

north-south orientation.

This phenomenon was observed

particularly during long periods in mid-afternoon when the
length of the feed bunk on the west side was completely
exposed to solar radiation.

The importance of feed bunk

shelter orientation and effects it has on feed consumption
were discussed by Bucklin et al.(1991).
The experimental design used in the study appeared to
efficiently define the effects of replication and,
thereby, removed bias due to this effect.

COOLING SYSTEMS

The cooling effect of the thermostatically controlled
fan and spray system on milk yield was similar to that of
the cooling system with water spray only (Control) that is
normally used at the UTK dairy operation.

Cows subjected

to the misting system had an average daily milk yield of
28.2 kilograms, which was the same as cows subjected to
fan and spray cooling.

Concentrate feed intake in control
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cows (water spray system) was slightly lower than in
cooled cows (fan and spray system) but the difference was

not statistically significant (Tables 4 and 5).

Rectal

temperature and respiratory frequency in the morning did
not differ significantly between treatments.

However,

cows subjected to the spray system (Control) had slightly
lower measurements.

Higher afternoon rectal temperature

and respiration rate were recorded in cows subjected to
fan and spray cooling.

Similar measurements for the

dependent variables across treatments were not

anticipated.

Turner et al.(1989) reported higher milk

yield and feed consumption for cows with access to a feed

bunk equipped with a sprinkler and fan cooling system.
The authors, however, reported environmental temperatures

abnormally high during the study.

In other studies, fan

and spray cooling systems provided a more effective

cooling effect and increased performance of dairy cows
(Bucklin et al., 1991).

This lack in response to the

cooling treatment can be partly explained by the fact that
cows subjected to fan and spray cooling were not
effectively wet during the wetting cycle.

Failure to

achieve a thorough wetting of animals, limited the cooling
effect from evaporative heat loss that is the most

effective.

This particular deficiency in achieving
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Table 4. Least squares mean of response variables.
Treatment

Variable

Control

Spray + Fan

Cooling

Cooling

Phase 1

(East)

(West)

Performance

Milk yield, kg/day
Feed intake, kg/day

28.7

27.5

9.1

10.7

39.1

39.3

38.9

39.7

oa

Rectal temperature,C
AM observation
PM observation

Respiratory frequency' (breaths/min.)
AM observation
PM observation

64.0

67.2

60.1

80.2

Phase 2

(West)

(East)

27.7

28.9

12.2

11.1

Performance

Milk yield, kg/day
Feed intake, kg/day
Rectal temperature,

.oa

AM observation
PM observation

39.2

39.1

39.4

39.1

Respiratory frequency' (breaths/min.)
AM observation
PM observation

70.5

62.6

77.0

73.5

Average of the two phasesPerformance

Milk yield, kg/day

28.2

28.2

Feed intake, kg/day

10.7

10.9

39.2

39.2

39.2

39.4

oa

Rectal temperature, C
AM observation
PM observation

Respiratory frequency' (breaths/min.)
AM observation
PM observation

67.3

64.9

68.6

76.9

^AM observations were taken between 4:30 and 6:30 am and
PM observations were taken between 4:30 and 6:30 pm.

1

L X C

0.1

yield
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368.3

213.5

100.9

157.8

1107.3

*P<0.1, **P<0.05, ***P<0.01

Residual
Residual df

Avg. daily temperature 1
Avg. daily humidity
1

1
1

df

Cooling system (C)
Location (L)

Independent Variable

Milk

649

53.7

157.6*

0.002

2236.5***

1***
9***
1502.

71.

intake

Feed

563

0.7

AM

PM

0.8

564

204.8

583

274.9

75.4***
435.5
14094.1***
86.0***
4411.0*** 20418.6***
51.3*** 30889.0*** 13013.5***
34.5*** 18178.2*** 14466.7***
0.2
3752.9***
646.3

PM

584

1.2
10.6***
99.3***
48.0***
17.4***

AM

Respiration
frequency

Rectal

Mean squares

temperature

and their interaction on the response variables.

Table 5. Least-squares analyses of the effect of cooling system, replication
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optimum wetting of the animals' skins practically reduced
benefits of the cooling system to the effects of

ventilation.

Herman et al.(1985) investigated the effects

of forced ventilation alone on heat stress.

Results

suggested that forced ventilation had a limited effect on

reducing heat stress in dairy cattle.

This problem could

have been corrected either by installing additional spray
nozzles in the system, or by adopting a different type of
spray nozzle and delivery pipes with higher water output
capacity.

Herman and Wolfenson, 1988 emphasized the

importance of utilizing static sprinklers of large
capacity in evaporative cooling systems in order to attain
thorough wetting of animals within a short time.

This

practice promotes evaporative cooling more efficiently.
Flamenbaun et al.(1986) investigated different durations

of wetting cycle in an evaporative cooling system, to
establish its effects in reducing rectal temperature of
dairy cattle.

Partially wetting the animals' coat was not

sufficient to significantly reduce rectal temperature.
Therefore the importance of thorough wetting was
emphasized.

Another possible explanation for the lack of response

in milk yield to the evaporative cooling system, is that
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the mist cooling system was effective and therefore
differences in milk production were not detected.

COOLING SYSTEMS BY LOCATION INTERACTIONS

Interaction between cooling system and location was
more pronounced during the first phase of the study when
greater solar incidence on the west side in the afternoon,
associated with high ambient temperatures, influenced
cooling system effectiveness.

In the second phase milder

effects of this interaction on the dependent variables

were observed.

Milk yield during the first phase appeared

to be influenced by the interaction between location and
cooling system but differences were not statistically

significant. The second phase of the study showed milk
yields more similar across treatment and location and milk

production tended to increase with more temperate climatic
conditions (Figure 5).

Concentrate feed intake was

greatly affected by interactions except for fan and spray

cooling across replications that did not show significant

differences (Figure 6).

Rectal temperatures in the

morning were influenced by the interactions but effects

were more pronounced in afternoon temperatures (Figure 7).
Respiratory frequency showed a pattern similar to rectal
temperatures in response to cooling system and location
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interactions.

Effects of this interaction were more

pronounced during the first phase of the experiment.

The

effect was more evident when respiratory frequency was
observed in the afternoon (Figure 8).
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CHAPTER V
SUMMARY

Forty four lactating Holstein cows grouped by age,

milk production and stage of lactation were subjected to a
misting or fan and spray cooling system under heat stress
conditions.

Milk yields, grain feed intake, rectal

temperatures, and respiratory frequency were measured.
Milk yield and concentrate feed intake did not differ

among cooling systems.

Mean daily milk yield was 28.2 kg

per cow for both treatment and control groups through the

whole experimental period.

Feed intake was slightly

higher for cows in the treatment group (10.9 vs 10.7 kg
/day) but the difference was not significant.

Mean rectal

temperature recorded in the morning did not differ among

treatments (39.2° C for both treatment and control).

Mean

afternoon rectal temperatures were significantly higher in

the treatment group (39.4 vs 39.2° C).

Mean respiratory

frequency in the morning was higher for the control group

(67.3 vs 64.9 breaths /min.) but the difference was not
significant.

Afternoon respiratory frequency was

significantly higher for the treatment group (76.9 vs 68.6
breaths /min.).

There was no significant difference

between mean daily milk yield (28.8 vs 27.6 kg for east
and west sides respectively).

Location effect, however.
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influenced significantly concentrate feed intake, and

rectal temperatures and respiratory frequency.

Mean daily

feed intake was significantly higher for cows in the west
side (11.5 vs 10.1 kg).

Animals in the west side had

significantly higher morning measurements for rectal

temperatures (39.2 vs 39.1° C) and respiratory frequency
(68.8 vs 63.3 breaths /min.).

Afternoon measurements for

rectal temperature (39.6 vs 39.2° C) and respiratory
frequency (78.6 vs 66.8 breaths /min.) were also
significantly higher for cows in the west side.

This

effect was due probably to differences on solar radiation

incidence between the two sides especially in the first
phase of the study when environmental temperatures were

higher (25.2° C average temperature).

Mild ambient

temperatures during the second experimental phase (18.1° C
average temperature) produced smaller differences in the

effect between locations.

The effects of cooling system

and location interaction were more accentuated during the

first phase of the study when ambient temperatures were
higher.

Failure to properly adjust the water spray

mechanism and large differences in climatic conditions
between the two experimental phases may have prevented us

from observing the maximum benefits of the fan and spray

treatment described in previous studies.

Alternatively,
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the mist cooling system may have been effective and

therefore, differences in milk production between the two
groups were not detected.
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